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(54) Three-dimensional reconstruction using ultrasound 



(57) Apparatus for mapping a surface of a cavity 
(50) within a body of a subject includes an elongate 
probe (30) ; having a longitudinal axis and including a 
distal portion adapted for insertion into the cavity. A plu- 
rality of acoustic transducers (46a-c) are distributed 
along the longitudinal axis over the distal portion of the 
probe (30), which transducers are adapted to be actu- 



ated individually to emit acoustic waves while the probe 
is in the cavity (50), and are further adapted to receive 
the acoustic waves after reflection of the waves from the 
surface of the cavity and to generate, responsive to the 
received waves, electrical signals indicative of times of 
flight of the waves. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to sys- 
tems and methods for three-dimensional mapping and 
reconstruction, and specifically to mapping and recon- 
struction of the interior of body organs, such as the 
heart. 

BACKGROUND OF THE INVENTION 

[0002] Methods for three-dimensional geometrical 
mapping and reconstruction of the endocardial surface 
are known in the art. For example. U.S. Patent 
5,738,096, whose disclosure is incorporated herein by 
reference, describes methods for mapping the endocar- 
dium based on bringing a probe into contact with multi- 
ple locations on a wall of the heart, and determining po- 
sition coordinates of the probe at each of the locations. 
The position coordinates are combined to form a map 
of at least a portion of the heart. These methods are ef- 
fective and accurate, but they require substantial time 
and skill to carry them out. 

[0003] A variety of methods have been developed for 
non-contact reconstruction of the endocardial surface 
using intracardial ultrasonic imaging. These methods 
typically use a catheter with a built-in, miniaturized ul- 
trasonic imaging array or scanner. For example, PCT 
patent publication WO 00/19908, whose disclosure is 
incorporated herein by reference, describes a steerable 
transducer array for intracardial ultrasonic imaging. The 
array forms an ultrasonic beam, which is steered in a 
desired direction by an active aperture. Similarly, U.S. 
Patent 6,004,269, whose disclosure is also incorporated 
herein by reference, describes an acoustic imaging sys- 
tem based on an ultrasound device that is incorporated 
into a catheter. The ultrasound device directs ultrasonic 
signals toward an internal structure in the heart to create 
an ultrasonic image. 

[0004] Further examples of intracardial ultrasonic im- 
aging are presented in U.S. Patent 5,848,969 and in 
PCT patent publication WO 98/18388, whose disclo- 
sures are incorporated herein by reference. These pub- 
lications describe systems and methods for visualizing 
interior tissue regions using expandable imaging struc- 
tures. The structures assume an expanded geometry 
once inside the heart, which stabilizes an associated im- 
aging probe or array. 

[0005] U.S. Patent 5,797,849 and PCT patent publi- 
cation WO 99/58055, whose disclosures are also incor- 
porated herein by reference, describe methods for car- 
rying out medical procedures using a three-dimensional 
tracking and imaging system. The position of a catheter 
or other probe inside the body is tracked, and its location 
relative to its immediate surroundings is displayed to im- 
prove a physician's ability to precisely position it. Vari- 
ous procedures using such a probe are described in 



these publications. One such procedure is ultrasonic im- 
aging, using an ultrasound imaging head with transduc- 
ers held outside the body to image an area inside the 
body in which a probe with a position sensor is located. 
5 [0006] Various methods are known in the art for en- 
hancing ultrasonic images and for extracting informa- 
tion, such as three-dimensional contours, from such im- 
ages. These methods typically combine information 
from multiple two-dimensional images to define three- 
10 dimensional features. For example, PCT patent publi- 
cation WO 99/55233, whose disclosure is incorporated 
herein by reference, describes a method for defining a 
three-dimensional surface of at least a portion of a pa- 
tient's heart using a plurality of images in different 
15 planes. The images are made using an ultrasound 
transducer at known positions and orientations outside 
the patient's body. Anatomical landmarks are manually 
identified in the plurality of images. Other methods of 
contour extraction and three-dimensional modeling us- 
20 ing ultrasonic images are described in European patent 
application EP 0 961 1 35 and in Japanese patent appli- 
cation JP 9-285465. whose disclosures are also incor- 
porated herein by reference. As another example, PCT 
patent publication WO 98/46139, whose disclosure is 
25 incorporated herein by reference, describes a method 
for combining Doppler and B-mode ultrasonic image 
signals into a single image using a modulated nonlinear 
mapping function. 



[0007] It is an object of some aspects of the present 
invention to provide improved methods and apparatus 
for three-dimensional mapping and geometrical recon- 
35 struction of body cavities, and particularly of chambers 
of the heart. 

[0008] In preferred embodiments of the present in- 
vention, a cardiac catheter comprises a plurality of 
acoustic transducers distributed longitudinally along a 

40 distal portion of the catheter. The transducers are actu- 
ated individually, in sequence, to emit acoustic waves, 
preferably ultrasonic waves, while the catheter is inside 
a chamber of the heart. The acoustic waves are reflect- 
ed from the endocardial surface of the cavity and are 

45 received by the transducers. Processing circuitry, cou- 
pled to the transducers, determines the times of flight of 
the received acoustic waves, thus providing a measure- 
ment of the distance from each of the transducers to a 
point or area on the endocardial surface opposite the 

50 transducer. The distance measurements are combined 
to reconstruct the three-dimensional shape of the sur- 
face, which is preferably displayed in the form of a ge- 
ometrical map. 

[0009] Preferred embodiments of the present inven- 
ts tion thus enable the entire endocardial surface to be 
mapped rapidly, typically within a single heart beat. This 
rapid mapping can be achieved because the acoustic 
waves are used to measure three-dimensional distanc- 
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es directly, rather than attempting to image the heart and 
then extract geometrical information from the images as 
in methods known in the art. The distance measure- 
ments are facilitated by the unique design of the cathe- 
ter, wherein the transducers are distributed longitudinal- 
ly along the catheter, instead of being concentrated in a 
phased array or other imaging configuration. Preferred 
embodiments of the present invention also avoid the 
need for physical contact between the catheter and the 
endocardial surface during measurement. 
[0010] In some preferred embodiments of the present 
invention, the catheter comprises one or more position 
sensors, which are used to determine position and ori- 
entation coordinates of the catheter within the heart. Us- 
ing the position sensors in conjunction with the acoustic 
measurements allows the reconstructed three-dimen- 
sional shape of the surface to be located and oriented 
in space. It also enables multiple measurements to be 
taken at different positions within the heart in order to 
enhance the accuracy of the reconstruction. Preferably, 
the position sensors comprise one or more miniature 
coils, which are used to determine position and orienta- 
tion coordinates by transmitting or receiving electro- 
magnetic waves, as described, for example, in PCT pat- 
ent publication WO 96/05768 or in U.S. Patent 
5,391,199, which are incorporated herein by reference. 
Alternatively, the acoustic transducers on the catheter 
also serve as position sensors, by receiving acoustic 
waves transmitted from a plurality of acoustic transduc- 
ers at fixed positions outside the body, or by transmitting 
acoustic waves to these external transducers. Thetimes 
of flight of these waves are used to determine the posi- 
tion and orientation of the catheter. Further alternatively, 
other types of position sensing systems, as are known 
in the art, may be used. 

[0011] In further preferred embodiments of the 
present invention, the catheter comprises a plurality of 
electrodes in addition to the acoustic transducers, and 
is used for electrical, as well as geometrical, mapping 
of the heart. Preferably, the electrical mapping is per- 
formed rapidly using an array of non-contact electrodes, 
most preferably as described in European patent appli- 
cation No. 01305348.3 (Attorney's ref: P027406EP), 
which is incorporated herein by reference. The electrical 
and geometrical maps are registered to provide an in- 
tegrated view of mechanical and electrical properties of 
the heart. 

[001 2] I n some preferred embodiments of the present 
invention, other features of the acoustic waves received 
by the transducers on the catheter are analyzed to pro- 
vide further geometrical and diagnostic information. For 
example, in one such embodiment, the processing cir- 
cuitry analyzes the reflected waves to find reflections 
from both the endocardial and the epicardial surfaces. 
In this manner, both of the surfaces can be reconstruct- 
ed simultaneously, and the thickness of the heart wall 
can be mapped. 

[0013] In another embodiment, the processing circuit- 



ry analyzes the frequency, as well as the time of flight, 
of the reflected waves in order to detect a Doppler shift. 
The Doppler measurement is used to determine and 
map the heart wall velocity. This method thus enables 

5 the relative speeds of opposing or mutually-perpendic- 
ular segments of the heart wall to be measured simul- 
taneously. By contrast, methods of echo Doppler meas- 
urement known in the art use a probe outside the body 
and therefore can measure wall velocity of only one side 

10 of the heart at any given time. 

[0014] Although preferred embodiments are de- 
scribed herein with reference to cardiac catheters for 
mapping chambers of the heart, other applications of the 
present invention will be apparent to those skilled in the 

15 art. These applications include, but are not limited to, 
mapping and geometrical reconstruction of other body 
cavities, such as the coronary arteries or the gastroin- 
testinal system. 

[0015] There is therefore provided, in accordance 
20 with a preferred embodiment of the present invention, 
apparatus for mapping a surface of a cavity within a 
body of a subject, including: 

an elongate probe, having a longitudinal axis and 
25 including a distal portion adapted for insertion into 
the cavity; and 

a plurality of acoustic transducers, distributed along 
the longitudinal axis over the distal portion of the 
probe, which transducers are adapted to be actuat- 
30 ed individually to emit acoustic waves while the 
probe is in the cavity, and are further adapted to re- 
ceive the acoustic waves after reflection of the 
waves from the surface of the cavity and to gener- 
ate, responsive to the received waves, electrical 
35 signals indicative of times of flight of the waves. 

[0016] Preferably, the cavity includes a chamber of 
the heart of the subject, and the probe includes an int- 
racardiac catheter. 

40 [0017] Additionally or alternatively, the probe includes 
a position sensor, which is adapted to generate signals 
indicative of position coordinates of the probe within the 
body. Preferably, the position sensor includes a coil, and 
wherein the signals include electrical currents induced 

45 in the coil by an externally-applied magnetic field. 

[0018] Preferably, the apparatus includes control cir- 
cuitry, adapted to actuate the transducers sequentially 
and to receive and to process the electrical signals gen- 
erated by the transducers so as to reconstruct a three- 

50 dimensional shape of the surface of the cavity based on 
the times of flight. Further preferably, responsive to the 
times of flight, the circuitry is adapted to determine dis- 
tances from the transducers to respective points on the 
surface of the cavity opposite the transducers, and to 

55 combine the determined distances so as to reconstruct 
the shape. Additionally or alternatively, the circuitry is 
operative to distinguish the signals generated respon- 
sive to the waves that have undergone one reflection 
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from the surface of the cavity from the signals generated 
responsive to the waves that have undergone multiple 
reflections, and to reject the signals due to the waves 
that have undergone the multiple reflections. 
[0019] Preferably, the cavity has a wall, and the sur- 
face includes an inner surface of the wall and an outer 
surface of the wall, and the circuitry is adapted to distin- 
guish the signals generated responsive to the waves 
that have been reflected from the inner surface from the 
signals generated responsive to the waves that have 
been reflected from the outer surface. In a preferred em- 
bodiment, the circuitry is operative to determine a thick- 
ness of the wall responsive to the signals generated by 
the waves that have been reflected from the inner sur- 
face and the waves that have been reflected from the 
outer surface. 

[0020] In another preferred embodiment, the circuitry 
is adapted to detect a spectral shift in the acoustic waves 
received by the transducer and to determine, respon- 
sive to the spectral shift, a velocity of motion of the sur- 
face. 

[0021] In still another preferred embodiment, the ap- 
paratus includes one or more electrodes disposed on 
the distal portion of the probe, which are adapted to con- 
vey electrical signals to the circuitry responsive to elec- 
trical activity in the cavity, wherein the circuitry is adapt- 
ed, responsive to the signals from the electrodes, to su- 
perimpose an indication of the electrical activity on the 
three-dimensional shape of the surface. Preferably, the 
indication of the electrical activity includes a map of elec- 
trical potentials at the surface of the cavity, which is reg- 
istered with the three-dimensional shape of the surface. 
Preferably, the apparatus includes a display, which is 
driven by the circuitry to display an image of the three- 
dimensional shape. 

[0022] In a preferred embodiment, the apparatus in- 
cludes a plurality of reference transducers outside the 
body, which are adapted to transmit acoustic waves into 
the body, such that the waves are received by the trans- 
ducers on the probe, causing the transducers to gener- 
ate electrical reference signals, and the circuitry is 
adapted to process the reference signals so as to de- 
termine position coordinates of the probe. Preferably, 
responsive to the determined position coordinates, the 
circuitry is adapted to define a position of the three-di- 
mensional shape within the body. 
[0023] In a preferred embodiment, the apparatus in- 
cludes one or more electrodes disposed on the distal 
portion of the probe, which are adapted to detect elec- 
trical activity in the cavity, wherein the electrical activity 
detected by the one or more electrodes includes varying 
electrical potentials at the surface of the cavity. Prefer- 
ably, the one or more electrodes include an array of non- 
contact electrodes, which are adapted to detect the var- 
ying electrical potentials at the surface substantially 
without making contact with the surface. 
[0024] There is also provided, in accordance with a 
preferred embodiment of the present invention, a meth- 



od for mapping a surface of a cavity within a body of a 
subject, including: 

inserting a probe into the cavity, the probe having a 
5 longitudinal axis; sequentially emitting acoustic 
waves within the cavity from each of a plurality of 
points distributed along the longitudinal axis of the 
probe; 

receiving the acoustic waves at the points following 
10 reflection of the emitted waves from the surface of 
the cavity; 

analyzing the received waves to determine times of 
flight of the waves; and 

reconstructing a three-dimensional shape of the 
15 surface of the cavity based on the determined times 
of flight. 

[0025] Preferably, the method includes determining 
position coordinates of the probe inside the body 

20 wherein reconstructing the three-dimensional shape in- 
cludes reconstructing the shape responsive to the coor- 
dinates, and wherein reconstructing the shape includes 
defining a position of the shape inside the body using 
the coordinates. Additionally or alternatively, emitting 

25 and receiving the waves include emitting and receiving 
the waves at a plurality of different locations of the probe 
in the cavity, and reconstructing the shape includes re- 
constructing the shape based on the waves received at 
the different locations, using the coordinates of the 

30 probe determined at the different locations. 

[0026] Alternatively, emitting and receiving the waves 
include emitting and receiving the waves while the probe 
is held substantially stationary at a single location in the 
cavity, and reconstructing the three-dimensional shape 

35 includes reconstructing the shape based substantially 
only on the waves received at the single location. 
[0027] In a preferred embodiment, the method in- 
cludes sensing electrical activity in the cavity using elec- 
trical sensors on the probe, wherein reconstructing the 

40 shape includes superimposing an indication of the elec- 
trical activity on the reconstructed three-dimensional 
shape of the surface. 

[0028] The present invention will be more fully under- 
stood from the following detailed description of the pre- 
45 ferred embodiments thereof, taken together with the 
drawings in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 [0029] Fig. 1 is a schematic, pictorial illustration of a 
system for geometrical mapping of the heart, in accord- 
ance with a preferred embodiment of the present inven- 
tion. 

[0030] Fig. 2 is a schematic, pictorial illustration of a 
55 distal portion of a catheter for use in the system of Fig. 
1 , in accordance with a preferred embodiment of the 
present invention. 

[0031] Fig. 3 is a schematic, cutaway illustration of a 
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heart into which the catheter of Fig. 2 has been inserted, 
in accordance with a preferred embodiment of the 
present invention. 

[0032] Fig. 4 is a schematic detail of the heart and 
catheter of Fig. 3, illustrating reflections of acoustic 
waves from an inner surface of a heart chamber, in ac- 
cordance with a preferred embodiment of the present 
invention. 

[0033] Fig. 5 is a flow chart that schematically illus- 
trates a method for generating a three-dimensional re- 
construction of the inner surface of the heart, in accord- 
ance with a preferred embodiment of the present inven- 
tion. 

[0034] Fig. 6 is a schematic, pictorial illustration of a 
system for geometrical mapping of the heart, in accord- 
ance with another preferred embodiment of the present 
invention. 

[0035] Fig. 7 is a schematic, pictorial illustration of a 
distal portion of a catheter for use in geometrical and 
electrical mapping of the heart, in accordance with a pre- 
ferred embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0036] Fig. 1 is a schematic, pictorial illustration of a 
mapping system 20, for three-dimensional geometrical 
mapping of a heart 24 of a subject 26 ; in accordance 
with a preferred embodiment of the present invention. 
System 20 comprises an elongate probe, preferably a 
catheter 30, which is inserted by a user 22 through a 
vein or artery of the subject into a chamber of the heart. 
[0037] Fig. 2 is a schematic, pictorial illustration show- 
ing a distal portion of catheter 30, which is inserted into 
heart 24. The catheter has an array of ultrasonic trans- 
ducers 46 on its outer surface, preferably ten to twenty 
such transducers, each about 0.5 mm in size, arrayed 
longitudinally along the catheter proximal to a distal end 
44 thereof. Optionally, the catheter may also comprise 
electrodes, as described below, and other diagnostic 
and therapeutic features (not shown in the figures), as 
are known in the art. 

[0038] Catheter 30 preferably comprises a position 
sensor 40, most preferably located near distal tip 44. Al- 
ternatively, one or more additional position sensors are 
deployed in the catheter, preferably near a proximal end 
of the array of transducers. Sensor 40 preferably com- 
prises an electromagnetic sensor which is mounted 
within the catheter by any suitable method, for example, 
using polyurethane glue or the like. The sensor is elec- 
trically connected to an electromagnetic sensor cable 
(not shown), which extends through the catheter body 
and into a control handle of the catheter. The electro- 
magnetic sensor cable comprises multiple wires en- 
cased within a plastic covered sheath. Within the cath- 
eter body, the sensor cable may be enclosed within a 
protective sheath along with lead wires of transducers 
46, if desired. In the control handle, the wires of the sen- 



sor cable are connected to a circuit board (not shown), 
which amplifies the signals received from the electro- 
magnetic sensor and transmits them to a computer 
housed in a console 34 (Fig. 1), in a form understanda- 

5 ble to the computer. Also, because the catheter is de- 
signed for single use only, the circuit board preferably 
contains an EPROM chip, which shuts down the circuit 
board after the catheter has been used. This prevents 
the catheter or at least the electromagnetic sensor, from 

10 being used twice. 

[0039] A suitable electromagnetic sensor is de- 
scribed, for example, in U.S. Patent No. 5,391,199, 
which is incorporated herein by reference. A preferred 
electromagnetic mapping sensor is manufactured by Bi- 

15 osense Ltd. (Tirat Hacarmel, Israel) and marketed under 
the trade designation NOGA. 

[0040] To use the electromagnetic sensor, the patient 
is placed in a magnetic field generated, for example, by 
situating under the patient a pad containing field gener- 
ic ator coils 28 for generating a magnetic field. A reference 
electromagnetic sensor (not shown) is preferably fixed 
relative to the patient, e.g., taped to the patient's back, 
and catheter 30 containing sensor 40 is advanced into 
the patient's heart 24. The sensor preferably comprises 
25 three small coils which in the magnetic field generate 
weak electrical signals indicative of their position in the 
magnetic field. Signals generated by both the fixed ref- 
erence sensor and by sensor 40 in the heart are ampli- 
fied and transmitted to console 34, which analyzes the 
30 signals and then displays the signals on a monitor 36. 
By this method, the precise location of the sensor in the 
catheter relative to the reference sensor can be ascer- 
tained and visually displayed. The sensors can also de- 
tect displacement of that catheter that is caused by con- 
35 traction of the heart muscle. 

[0041] Some of the features of catheter 30 and sys- 
tem 20 are implemented in the NOGA-STAR catheter 
marketed by Biosense Webster, Inc., and in the above- 
mentioned Biosense-NOGA system, also marketed by 
40 Biosense Webster, Inc. Further aspects of the design of 
catheter 30 and of system 20 generally are described in 
EP-A-1 125 549 is incorporated herein by reference. 
The detailed design of catheter 30 and the geometrical 
and electrical mapping functions carried out using the 
45 catheter and system 20, however, as described herein - 
below, are unique to the present invention. 
[0042] As noted above, sensor40 preferably compris- 
es three non-concentric coils, such as those described 
in the above-mentioned PCT patent publication WO 
50 96/05768. The coils sense magneticfields generated by 
field generator coils 28, which are driven by driver cir- 
cuits 32 (Fig. 1 ). Alternatively, the sensors may generate 
fields, which are detected by coils 28. System 20 thus 
achieves continuous generation of six dimensions of po- 
55 sition and orientation information with respect to sensor 
40. Alternatively, sensor 40 (and, optionally, additional 
position sensors in catheter 30) may comprise a single 
coil, which is sufficient, in conjunction with field genera- 



25 



30 



35 



40 



45 



50 



5 



9 



EP 1 181 893 A1 



10 



tor coils28, to generate three dimensions of position and 
two dimensions of orientation information. The third di- 
mension of orientation (typically rotation of catheter 30 
about its longitudinal axis) can be inferred if neededfrom 
a comparison of the coordinates of two such sensors 
provided at mutually-spaced locations in the catheter 
and/or from mechanical information. 
[0043] Further alternatively, the sensors may com- 
prise other types of position and/or coordinate sensors, 
as described, for example, in U.S. Patent 5,391 ,1 99 or 
5,443,489 or in PCT publication WO 94/04938, or sub- 
stantially any other suitable type of position/coordinate 
sensing device known in the art. Still further alternatively 
or additionally, catheter 30 is marked with one or more 
markers whose positions can be determined from out- 
side of the body, such as radio-opaque markers for use 
with a fluoroscope. 

[0044] As noted above, catheter 30 is coupled to con- 
sole 34 : which enables the user to observe and regulate 
the functions of the catheter. Console 34 includes a 
processor, preferably a computer with appropriate sig- 
nal processing circuits (which are typically contained in- 
side a housing of the computer). The processor is cou- 
pled to drive display 36. The signal processing circuits 
typically generate drive signals, causing each of trans- 
ducers 46 to emit ultrasonic pulses in sequence. The 
circuits further receive, amplify, filter and digitize signals 
from catheter 30, including signals generated by posi- 
tion sensor 40 and transducers 46. The digitized signals 
are received and used by the console to compute the 
position and orientation of the catheter and to extract 
the times of flight of the acoustic waves within the heart. 
The information derived from this analysis is used to re- 
construct a three-dimensional geometrical map 38 of 
the endocardial surface of heart 24. 
[0045] Typically, system 20 includes other elements, 
which are not shown in the figures for the sake of sim- 
plicity. Some of these elements are described, for ex- 
ample, in European patent application 0 974 936 whose 
disclosure is incorporated herein by reference. For in- 
stance, system 20 may include an ECG monitor, cou- 
pled to receive signals from one or more body surface 
electrodes, so as to provide an ECG synchronization 
signal to console 34. As mentioned above, the system 
typically also includes a reference position sensor, ei- 
ther on an externally-applied reference patch attached 
to the exterior of the patient's body, or on an internally- 
placed catheter, which is inserted into heart 24 and 
maintained in a fixed position relative to the heart. By 
comparing the position of catheter 30 to that of the ref- 
erence catheter, the coordinates of catheter 30 are ac- 
curately determined relative to the heart, irrespective of 
heart motion. Alternatively, any other suitable method 
may be used to compensate for heart motion. 
[0046] Fig. 3 is a schematic, sectional illustration of 
heart 24, showing the distal portion of catheter 30 insert- 
ed through the aorta into a left ventricle 50 of the heart, 
in accordance with a preferred embodiment of the 



present invention. Transducers 46 are driven by console 
34 to emit ultrasonic waves toward endocardium 52. 
The transducers receive the waves reflected back from 
the heart wall and generate electrical signals, which are 
5 conveyed to console 34 for processing and analysis. 
There is no need for tip 44 or for any other portion of 
catheter 30 to contact the endocardium during the ultra- 
sonic measurements. 

[0047] Reference is now made to Figs. 4 and 5, which 
10 schematically illustrate a method for three-dimensional 
geometrical mapping and reconstruction of ventricle 50, 
in accordance with a preferred embodiment of the 
present invention. Fig. 4 shows a detail of catheter 30 
inside the ventricle, in which a number of transducers 
15 46 are labeled 46a, 46b and 46c, for the purpose of the 
description below. Fig. 5 is a flow chart that details the 
steps in the method. Although this method is described 
with reference to mapping of left ventricle 50, it will be 
appreciated that it is similarly applicable to mapping oth- 
20 er chambers of heart 24, as well as to mapping of other 
body cavities. 

[0048] At a positioning step 60, catheter 30 is inserted 
into ventricle 50 and is positioned in a desired location 
and orientation by user 22. Preferably, position sensor 

25 40 is used to determine position and orientation coordi- 
nates of the distal portion of the catheter inside the heart, 
as described above. Alternatively, however, position 
sensing may be omitted, and endocardium 52 may be 
geometrically reconstructed without a specific position 

30 reference. Such position-independent reconstruction is 
possible as long as all of the necessary signals are col- 
lected from transducers 46 within a period short enough 
so that the heart can be considered to be stationary dur- 
ing the measurement, i.e., in a space of time consider- 

35 ably shorter than a single heart beat. Such rapid meas- 
urement is feasible using system 20, as described in 
greater detail hereinbelow. 

[0049] At a transducer firing step 62, a first one of the 
transducers on catheter 30, say transducer 46a ; is ac- 

40 tuated by a signal from console 34. The actuation caus- 
es the transducer to emit an ultrasonic pulse, preferably 
at a frequency of about 5-9 MHz and with a duration of 
about 1 u.s. The emitted ultrasonic waves preferably 
form a beam having a narrow divergence angle, prefer- 

45 ably less than 20°, and most preferably about 3°. The 
beam impinges on an area that is about 4 mm in diam- 
eter on endocardium 52, in a location that is perpendic- 
ularly opposite transducer 46a. The size of the beam on 
the endocardium is determined by the distance of the 

50 transducer from the endocardium, which will typically be 
about2-3 cm, depending on the dimensions of the heart. 
[0050] The waves emitted by transducer 46a bounce 
off the inner surface of endocardium 52 and are reflect- 
ed back to transducer 46a and to other transducers on 

55 catheter 30. Assuming the reflection to include both dif- 
fuse and specular components, the reflected energy will 
largely be concentrated on transducer 46a and on its 
near neighbors, such as transducer 46b, as shown in 
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Fig. 4. These waves are received by transducers 46, at 
a reflection reception step 64, generating electrical sig- 
nals that are processed by console 34. The console 
finds the time of flight of the waves received at each of 
the transducers by comparing the arrival time of the 
electrical signals to the actuation time of transducer 46a. 
This time of flight is proportional to the length of the path 
traversed to endocardium 52 and back to transducer 
46a or 46b. The path length thus determined from the 
time-of-flight information is used in reconstructing the 
geometrical shape of ventricle 50, as described below. 
Based on the size of the typical heart, the time of flight 
is generally less than 50 |as. 

[0051] The ultrasonic waves emitted by transducer 
46a are most strongly reflected from endocardium 52, i. 
e., from the inner surface of ventricle 50. There may also 
be reflections, however, from the epicardium of the ven- 
tricle and from other structures in proximity to the ven- 
tricle. Therefore, to determine the time of flight at step 
64, console 34 preferably measures the arrival time of 
the first strong peak in the signals generated by the 
transducers upon receiving the reflected waves. This 
peak corresponds to reflection from endocardium 52. 
Optionally, the console may also detect and measure 
the arrival time of a second peak in each signal, which 
typically corresponds to reflection from the epicardium. 
The difference between the arrival times of the first and 
second peaks gives a measure of the local thickness of 
the heart wall. 

[0052] As a further option, console 34 determines not 
only the arrival times of the reflected waves at transduc- 
ers 46, but also finds frequency spectra of the waves, 
as is known in the art. If the heart wall is moving toward 
or away from transducer 46a at the time the transducer 
is actuated, the reflected waves will undergo a Doppler 
shift. The frequency spectra will therefore indicate the 
velocity of the heart wall relative to the catheter. Console 
34 preferably analyzes this spectral information, in con- 
junction with the distance information provided by the 
time of flight, in order to measure the wall velocity. 
[0053] Multiple reflections with in ventricle 50 may also 
occur, as illustrated, for example, by the two-bounce 
path from transducer 46a to transducer 46c shown in 
Fig. 4. The path length measured in this case for the 
waves received at transducer 46c will therefore provide 
confusing geometrical information regarding ventricle 
50 and should be ignored. To avoid being confused by 
multiple-bounce signals, console 34 rejects the signal 
received from transducer 46c, at a multiple reflection fil- 
tering step 66. Such signals are preferably detected by 
setting a maximum time of flight from transducer 46a to 
any other transducer, and discarding measurements in 
excess of this maximum. 

[0054] The process of steps 62, 64 and 66 is repeated 
by actuating the next transducer 46 in sequence, say 
transducer 46b. The repetition continues until a suffi- 
cient number of transducers 46 have been actuated, 
and the resulting reflected waves have been received 



and times of flight determined. Considering the short 
times of flight of the waves, all of the ten or twenty trans- 
ducers 46 can be actuated in succession within no more 
than about 10 ms. Alternatively, two or more ofthetrans- 
5 ducers may be actuated simultaneously, as long as the 
acoustic signals that they generate are distinguishable, 
by differences in frequency, for example. Whether the 
transducers are actuated sequentially or simultaneous- 
ly, it is possible to measure distances from the transduc- 
10 ers to a large number of points distributed over all or a 
substantial portion of endocardium 52, within atimecon- 
siderably less than a single heart beat. 
[0055] At a shape reconstruction step 68. console 34 
combines the distance data deduced from the meas- 
es ured times of flightto build a three-dimensional geomet- 
rical map of ventricle 52. Each time of flight gives a dis- 
tance and a direction from the receiving transducer on 
catheter 30 that generated the signal to a point on the 
endocardial surface determined by the locations of the 
20 transmitting and the receiving transducer. If position 
sensor 40 is used, the distance and direction can be 
used to determine absolute coordinates of the point of 
the endocardial surface. Otherwise, the coordinates of 
the point are found in a frame of reference determined 
25 arbitrarily by the (unknown) position of the catheter. In 
either case, all of the points from all of the measure- 
ments are placed in a three-dimensional space, and a 
surface is fitted to the points in order to generate map 
38. Preferably, the reconstruction is carried out using 
30 methods described in European patent application EP 
0 974 936. 

[0056] Alternatively, other methods of geometrical re- 
construction may be used, as are known in the art. 
[0057] Optionally, for greater accuracy, catheter 30 is 

35 repositioned, at a repositioning step 70, and steps 60 
through 68 are repeated. Preferably, the additional 
points on the endocardial surface that are found at this 
step are used to refine and correct map 38 that was gen- 
erated in the preceding iteration. Measurements at mul- 

40 tiple different positions of the catheter may be carried 
out and combined in this manner. 
[0058] To the extent that console 34 gathered other 
information in conjunction with finding the times of flight, 
this information is preferably shown in map 38, as well. 

45 For example, the map may show both endocardial and 
epicardial surfaces, preferably with the option of show- 
ing a sectional view in a desired plane through the heart 
to allow the wall thickness to be visualized. If Doppler 
measurements are made, the map preferably shows the 

50 wall velocity as a function of position, by color coding, 
for example. The velocity information may be used to 
calculate a measure of the heart's contraction strength 
or efficiency. The geometrical map may also display 
electrical information, as described below. 

55 [0059] Fig. 6 is a schematic, pictorial illustration of a 
system 75 for geometrical mapping of heart 24, in ac- 
cordance with another preferred embodiment of the 
present invention. System 75 is substantially identical 
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to system 20, shown in Fig. 1 and described herein- 
above, except for its mode of determining the position 
of catheter 30 inside heart 24. In place of magnetic po- 
sition determination using sensor 40 in catheter 30, sys- 
tem 75 uses transducers 46 on catheter 30 to determine 
the catheter's position ultrasonically. 
[0060] For this purpose, a number of ultrasonic trans- 
mitters 78, preferably having a generally spherical or 
hemispherical shape, are positioned outside the body 
of patient 26 and irradiate the vicinity of heart 24 with 
ultrasonic waves. In the present embodiment, the trans- 
mitters are positioned under the patient's back. Trans- 
mitters 78 are preferably driven in sequence by an ul- 
trasonic driver 76 to emit their ultrasonic waves. The 
waves are received by transducers 46 on catheter 30, 
and the times of flight of the waves are measured to de- 
termine the distances between selected points on the 
catheter and the known locations of the transmitters. (Al- 
ternatively, transducers 46 may emit signals, to be de- 
tected by fixed receivers outside the body, in place of 
transmitters 78.) The distances are triangulated to find 
position coordinates of the catheter in the heart. 
[0061] Thus, in the embodiment of Fig. 6, transducers 
46 serve as both position sensors and mapping detec- 
tors. Consequently, system 75 will generally be lower in 
cost than system 20. Although magnetic position sens- 
ing is typically more accurate than ultrasonic position 
sensing, the ultrasonic sensing mode of the present em- 
bodiment is adequate for most applications of the sys- 
tem, since it is necessary to determine only relative po- 
sitions of catheter 30 and heart 24, and not absolute po- 
sitions. 

[0062] Fig. 7 is a schematic, pictorial illustration of a 
catheter 80 for use in system 20 or system 75, in ac- 
cordance with still another preferred embodiment of the 
present invention. Catheter 80 is largely similar to cath- 
eter 30, but is also adapted to make electrophysiological 
measurements, in conjunction with the geometrical 
mapping functions described in detail hereinabove. For 
this purpose, catheter 80 comprises, in addition to trans- 
ducers 46, an array of non-contact electrodes 82, dis- 
tributed proximally to distal end 44 of the catheter. These 
electrodes are preferably used to perform rapid electri- 
cal mapping of endocardium 52, most preferably as de- 
scribed in the above-mentioned European patent appli- 
cation No. 01305348.3. Alternatively or additionally, 
catheter 80 comprises one or more contact electrodes 
88. Preferably, an additional position sensor 84 is pro- 
vided, so that the positions of all of electrodes 82 can 
be accurately determined. 

[0063] In operation, console 34 receives both acous- 
tic signals from transducers 46 and electrical signals 
from electrodes 82. The acoustic signals are used to re- 
construct the three-dimensional geometrical shape of 
ventricle 50, as described above. The console uses this 
geometrical information, together with the electrical sig- 
nals, to generate a three-dimensional map of electrical 
potentials at surface 52 of the ventricle. The electrical 



map is preferably superposed on geometrical map 38, 
in the form of contour lines or color coding, for example, 
in orderto provide an integrated, electrical and mechan- 
ical picture of the ventricle. 
5 [0064] This rapid acoustical and electrical mapping 
using non-contact transducers 46 and electrodes 82 
may be supplemented with contact measurements for 
enhanced accuracy at particular points. For example, 
an optional electrode 88 at the distal tip of catheter 80 
10 may be brought into contact with points on the endocar- 
dium to measure electrical potentials at these points. 
Meanwhile, position sensor 40 provides an accurate 
reading of the position coordinates of electrode 88. Ad- 
ditional data points gathered in this manner are preter- 
ms ably marked on map 38. Alternatively, electrode 88 may 
be driven to ablate areas of the endocardial surface in 
order to treat arrhythmias detected in an earlier mapping 
stage, for example. Other modes of therapy, as are 
known in the art, may also be administered by a suitably- 
20 configured catheter, in conjunction with the mapping 
and reconstruction functions provided by the present in- 
vention. 

[0065] Although preferred embodiments are de- 
scribed herein with reference to cardiac catheters 30 

25 and 75, for mapping chambers of heart 24, other appli- 
cations of the principles of the present invention will be 
apparent to those skilled in the art. These applications 
include, but are not limited to. mapping and geometrical 
reconstruction of other body cavities, such as the coro- 

30 nary arteries or the gastrointestinal system. 

[0066] It will thus be appreciated that the preferred 
embodiments described above are cited by way of ex- 
ample, and that the present invention is not limited to 
what has been particularly shown and described here- 

35 inabove. Rather, the scope of the present invention in- 
cludes both combinations and subcombinations of the 
various features described hereinabove, as well as var- 
iations and modifications thereof which would occur to 
persons skilled in the art upon reading the foregoing de- 

40 scription and which are not disclosed in the prior art. 



Claims 

45 1 . Apparatus for mapping a surface of a cavity within 
a body of a subject, comprising: 

an elongate probe, having a longitudinal axis 
and comprising a distal portion adapted for in- 
50 sertion into the cavity; and 

a plurality of acoustic transducers, distributed 
along the longitudinal axis over the distal por- 
tion of the probe, which transducers are adapt- 
ed to be actuated individually to emit acoustic 
55 waves while the probe is in the cavity, and are 

further adapted to receive the acoustic waves 
after reflection of the waves from the surface of 
the cavity and to generate, responsive to the 
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received waves, electrical signals indicative of 
times of flight of the waves. 

2. Apparatus of claim 1 , wherein the cavity comprises 
a chamber of the heart of the subject and the probe 
comprises an intracardiac catheter. 

3. Apparatus of claim 1 or claim 2, wherein the probe 
comprises a position sensor, which is adapted to 
generate signals indicative of position coordinates 
of the probe within the body. 

4. Apparatus of claim 3, wherein the position sensor 
comprises a coil, and wherein the signals comprise 
electrical currents induced in the coil by an exter- 
nally-applied magnetic field. 

5. Apparatus of any one of claims 1 to 4, and compris- 
ing control circuitry, adapted to actuate the trans- 
ducers sequentially and to receive and to process 
the electrical signals generated by the transducers 
so as to reconstruct a three-dimensional shape of 
the surface of the cavity based on the times of flight. 

6. Apparatus of claim 5, wherein, responsive to the 
times of flight, the circuitry is adapted to determine 
distances from the transducers to respective points 
on the surface of the cavity opposite the transduc- 
ers, and to combine the determined distances so as 
to reconstruct the shape. 

7. Apparatus of claim 5, or claim 6, wherein the circuit- 
ry is operative to distinguish the signals generated 
responsive to the waves that have undergone one 
reflection from the surface of the cavity from the sig- 
nals generated responsive to the waves that have 
undergone multiple reflections, and to reject thesig- 
nals due to the waves that have undergone the mul- 
tiple reflections. 

8. Apparatus of claim 5 or claim 6, wherein the cavity 
has a wall, and the surface comprises an inner sur- 
face of the wall and an outer surface of the wall, and 
wherein the circuitry is adapted to distinguish the 
signals generated responsive to the waves that 
have been reflected from the inner surface from the 
signals generated responsive to the waves that 
have been reflected from the outer surface. 

9. Apparatus of claim 8, wherein the circuitry is oper- 
ative to determine athickness of the wall responsive 
to the signals generated by the waves that have 
been reflected from the inner surface and the waves 
that have been reflected from the outer surface. 

1 0. Apparatus of claim 5, wherein the circuitry is adapt- 
ed to detect a spectral shift in the acoustic waves 
received by the transducer and to determine, re- 



sponsive to the spectral shift, a velocity of motion 
of the surface. 

11. Apparatus of any one of claims 5 to 10, and com- 
5 prising one or more electrodes disposed on the dis- 
tal portion of the probe, which are adapted to con- 
vey electrical signals to the circuitry responsive to 
electrical activity in the cavity, wherein the circuitry 
is adapted, responsive to the signals from the elec- 

10 trodes, to superimpose an indication of the electri- 
cal activity on the three-dimensional shape of the 
surface. 

1 2. Apparatus of claim 1 1 , wherein the indication of the 
15 electrical activity comprises a map of electrical po- 
tentials at the surface of the cavity, which is regis- 
tered with the three-dimensional shape of the sur- 
face. 

20 13. Apparatus of any one of claims 5 to 12, and com- 
prising a display ! which is driven by the circuitry to 
display an image of the three-dimensional shape. 

14. Apparatus of any one of claims 5 to 13, and com- 
25 prising a plurality of reference transducers outside 

the body, which are adapted to transmit acoustic 
waves into the body, such that the waves are re- 
ceived by the transducers on the probe, causing the 
transducers to generate electrical reference sig- 
30 nals, and wherein the circuitry is adapted to process 
the references signals so as to determine position 
coordinates of the probe. 

15. Apparatus of claim 14, wherein, responsive to the 
35 determined position coordinates, the circuitry is 

adapted to define a position of the three dimension- 
al shape within the body. 

16. Apparatus of any one of claims 1 to 15, and com- 
40 prising one or more electrodes disposed on the dis- 
tal portion of the probe, which are adapted to detect 
electrical activity in the cavity. 

1 7. Apparatus of claim 1 6, wherein the electrical activity 
45 detected by the one or more electrodes comprises 

varying electrical potentials at the surface of the 
cavity. 

18. Apparatus of claim 17, wherein the one or more 
50 electrodes comprise an array of non-contact elec- 
trodes, which are adapted to detect the varying 
electrical potentials at the surface substantially 
without making contact with the surface. 

55 19. A method for mapping a surface of a cavity within a 
body of a subject, comprising: 

inserting a probe into the cavity, the probe, hav- 
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ing a longitudinal axis; 

sequentially emitting acoustic waves within the 
cavity from each of a plurality of points distrib- 
uted along the longitudinal axis of the probe; 
receiving the acoustic waves at the points fol- 
lowing reflection of the emitted waves from the 
surface of the cavity; 

analyzing the received waves to determine 
times of flight of the waves; and 
reconstructing a three-dimensional shape of 
the surface of the cavity based on the deter- 
mined times of flight. 

20. The method of claim 19, wherein the cavity com- 
prises a chamber of the heart of the subject, and 
the probe comprises an intracardiac catheter. 

21. The method of claim 19 or claim 20, and comprising 
determining position coordinates of the probe inside 
the body, wherein reconstructing the three-dimen- 
sional shape comprises reconstructing the shape 
responsive to the coordinates. 

22. The method of any one of claims 1 9 to 21 , wherein 
reconstructing the shape comprises defining a po- 
sition of the shape inside the body using the coor- 
dinates. 

23. The method of any one of claims 1 9 to 22, wherein 
emitting and receiving the waves comprise emitting 
and receiving the waves at a plurality of different 
locations of the probe in the cavity, and wherein re- 
constructing the shape comprises reconstructing 
the shape based on the waves received at the dif- 
ferent locations, using the coordinates of the probe 
determined at the different locations. 

24. The method of any one of claims 1 9 to 23, wherein 
determining the position coordinates comprises de- 
termining the coordinates using a position sensor in 
the probe. 

25. The method of claim 24, wherein the position sen- 
sor comprises a coil, and wherein determining the 
coordinates comprises detecting electrical current 
induced in the coil by an externally-applied magnet- 
ic field 

26. The method of any one of claims 1 9 to 25, wherein 
determining the position coordinates comprises 
transmitting and receiving reference acoustic 
waves between reference points outside the body 
and the points on the probe, and analyzing the re- 
ceived reference waves to find distances between 
the reference points and the points on the probe, 
thus to determine the position coordinates. 

27. The method of any one of claims 1 9 to 26, wherein 



emitting and receiving the waves comprise emitting 
and receiving the waves while the probe is held sub- 
stantially stationary at a single location in the cavity : 
and wherein reconstructing the three-dimensional 
5 shape comprises reconstructing the shape based 
substantially only on the waves received at the sin- 
gle location. 

28. The method of any one of claims 1 9 to 27, wherein 
10 reconstructing the shape comprises determining, 

responsive to the times of flight, distances from the 
points along the probe to corresponding points on 
the surface of the cavity generally opposite the 
points along the probe, and combining the deter- 
15 mined distances so as to reconstruct the shape. 

29. The method of claim 28, wherein determining the 
distances comprises distinguishing the waves re- 
ceived at the points along the probe after one re- 

20 flection from the surface of the cavity from the 
waves received after multiple reflections, and re- 
jecting the waves received after the multiple reflec- 
tions. 

25 30. The method of claim 28, wherein the cavity has a 
wall, and the surface comprises an inner surface of 
thewall and an outer surface of thewall, and where- 
in determining the distances comprises distinguish- 
ing the waves received at the points along the probe 

30 after reflection from the inner surface from the 
waves received after reflection from the inner sur- 
face from the waves received after reflection from 
the outer surface. 

35 31 . The method of claim 30, wherein reconstructing the 
shape comprises determining a thickness of the 
wall by comparing the times of flight of the waves 
received after reflection from the inner surface to 
those of the waves received after reflection from the 

40 outer surface. 

32. The method of any one of claims 19 to 31, and com- 
prising analyzing the received waves to detect a 
spectral shift therein, so as to determine, respon- 

45 sive to the spectral shift, a velocity of motion of the 
surface. 

33. The method of claim 32, wherein reconstructing the 
shape comprises generating a map of the cavity 

50 that includes an indication of the velocity of motion 
of different areas of the surface. 

34. The method of any one of claims 1 9 to 33, and com- 
prising sensing electrical activity in the cavity using 

55 electrical sensors on the probe. 

35. The method of claim 34, wherein reconstructing the 
shape comprises superimposing an indication of 
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the electrical activity on the reconstructed three-di- 
mensional shape of the surface. 

36. The method of claim 35, wherein superimposing the 
indication of the electrical activity comprises gener- 
ating a map of electrical potentials at the surface of 
the cavity and registering the map with the three- 
dimensional shape of the surface. 

37. The method of any one of claims 34 to 36, wherein 
sensing the electrical activity comprises detecting 
varying electrical potentials at the surface of the 
cavity substantially without contact between the 
electrical sensors on the probe and the surface. 



20 



25 



30 



35 



40 



45 



50 



10 



11 



EP 1 181 893 A1 




EP 1 181 893 A1 



FIG. 2 





EP 1 181 893 A1 




■52 



46a 



46c 



FIG. 5 



FIND POSITION P^ 60 



FIRE TRANSDUCER 



^62 



RECEIVE REFLECTED SIGNALS 



64 



FILTER OUT MULTIPLE REFLECTIONS 




i REPOSITION CATHETER P^ 70 



14 



EP 1 181 893 A1 




15 



EP 1 181 893 A1 



FIG. 7 



82 



46 



80 



40- 



-44 



46 



•82 



84 



16 



EP 1 181 893 A1 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 



Application Number 



which under Rule 45 of the European Patent ConventionEP Q] 30 6998 
shall be considered, lor the purposes of subsequent 
proceedings, as the European search report 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category! 



Citation! of document with indication, where appropriate. 
of relevan t passages 



i GB 2 329 708 A ( ROKE MANOR RESEARCH) 

' 31 March 1999 (1999-03-31) 

; * page 5, line 10 - page 6, line 15 * 

! * page 10, line 16 - line 20 * 

; * page 12, line 9 - line 10 * 

US 4 821 731 A (VON THUNA PETER ET AL) 
I 18 April 1989 (1989-04-18) 
\* column 6, line 29 - line 61 * 
!* con uimn 7, line 21 - column 8, line 12 * 
i* column 9, line 24 - line 42 * 
! * column 10, 1 ine 13 line 15 * 

WO 00 23125 A (INTRALUMINAL. THERAPEUTICS 
! INC) 27 April 2000 (2000-04-27) 
I* page 15, line 3 - page 16. line 2 * 

WO 95 01751 A (BOSTON SCIENT CORP) 
19 January 1995 (1995-01-19) 

* page 64, line 3 - line 32 * 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



1-3,5,6, 
13,16-18 



11 

1-5, 
13-15 

16 



1-3/7-9 



1,5, 

11-13, 

16-18 



A61B8/12 
A61B5/042 
A61B5/06 
A61B8/08 



TECHNICAL FIELDS 
SEARCHED (lnLCI.7) 



A61B 



INCOMPLETE SEARCH 



1 he Search Division considers that the present application, or one or more ot its claims, does/do 
not comply with the EPC to such am extent that a meaninglul search into the state of the art cannol 
be carried out, or can only be canned out partially, for these claims 

Claims anarched completely : 
Claims searched incompletely : 
(Claims- not searched ; 

19-37 

Reason for the limitation ol the search: 

Article 52 (4) EPC - Method for treatment of the human 
or animal body by surgery 



' I r,-3 of Miami" 



THE HAGUE 



Data of completion of the search 

10 December 2001 



Examiner 

Kniipling, M 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A :• technological background 
O : non-written, disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
lr. : earlier patent document, "but published on, or 

alter the filing date 
D : document ciied in the application 
L : document cited lor other reasons 

k member of the same patent family., corresponding 
document 



17 



EP 1 181 893 A1 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 



EP 



Application (Number 

01 30 6998 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



T 



Citation of document with indication, where appropriate,. 
of r elevant passages 



WO 97 44089 A {BEN HAM SHL0M0 ;BI0SENSE 
INC (US) ) 27 November 1997 (1997-11-27) 

* page 12, line 33 - page 13, line 2 * 

* page 13, line 18 - line 26 * 

* page 14, line 8 - line 13 * 

* page 15, line 4 - line 10 * 

* page 15, line 26 - line 28 * 



Relevant 
to claim 



1-5,10, 
13-15 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



TECHNICAL FIELDS 
SEARCHED (lnt.Cl.7) 



18 



EP 1 181 893 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 30 6998 



This annex lists the patent lamily members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office E DP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

10- 12» 2001 



Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 


member(s) 


date 



GB 


2329708 


A 


31-03-1999 


CA 


2244060 


AI 


24-03-1999 










DE 


19843939 


Al 


20-05-1999 










JP 


11188100 


A 


13-07-1999 










US 


6226546 


Bl 


01-05-2001 


US 


4821731 


A 


18-04-1989 


AU 


620580 


B2 


20-02-1992 










AU 


2796589 


A 


05-07-1989 










EP 


0393113 


Al 


24-1.0-1990 










Or 


0 "7 £• r ~r o q 
2 / Ob/ 00 


Q O 
D£ 


la- (Jo- iyyo- 










JP 


3501453 


T 


04-04-1991 










WO 


8905123 


Al 


15-06-1989 










US 


4862893 


A. 


05-09-1989 










us 


5002058 


A 


26-03-1991 










us 


4977655 


A 


18-12-1990 


WO 


„ 

0023125 


A 


- 

27-04-2000 


AU 


— - 

6517899 


— - - • 

A 


— - 

08-05-2000 










wo 


0023125 


A.2 


27-04-200C 




wo 


. - — 

9501751 


A 


19-01.-1995 


CA 


2165829 


Al 


19-01-1995 










EP 


0706345 


Al 


17-04-1996 










JP 


9503677 


T 


15-04-1997 










wo 


9501751 


Al 


19-01-1995 










US 


5630837 


A 


20-05-1997 










its 


6004269 


A 


21-12-1999 










LI'S 


5840031 


A 


24-11-1998 










LI'S 


5588432 


A 


31-12-1996 










US 


5860974 


A 


19-01-1999 










US 


5571088 


A 


05-11-1996 










us 


5575772 


A 


19-11-1996 


wo 


9744089 


A 


27-11-1997 


AU 


728802 


B2 


18-01-2001 










AU 


2711597 


A 


09-12-1997 










CA 


2255807 


Al 


27-11-1997 










EP 


0904127 


Al 


31-03-1999 










WO 


9744069 


Al 


27-11-1997 










JP 


2000514320 


T 


3 1-10 -20 DC 










OS 


6083170 


A 


04-07-2000 










AU 


161.6897 


A 


02-09-1997 










AU 


729206 


B2 


25-01-2001 










AU 


3632897 


A 


20-02-1998 










AU 


735196 


32 


05-07-2001 










AU 


5338798 


A 


31-07-1998 










AU 


5338898 


A 


31-07-1998 










CA 


2247942 


Al 


09-07-1998 










CA 


2247992 


Al 


09-07-1998 










EP 


0930917 


Al 


28-07-1999 


nore details about this annex : se 


» Official: Journal of the European Patent Office, No.. 12/82 





19 



EP 1 181 893 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 30 6998 



This, annex lusts the patent family members relating to the patent: documents cited in the above-mentioned European search report. 
The members are as contained: in the European Patent Office E DP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

10-12-2001 



Patent document 
cited in search report 



Publication 
date 



Patent family 
members) 



Publication 
date 



W0 9744089 



EP 0893967 Al 03-02-1999 

EP 0901341 Al 17-03-1999 

W0 9729682 Al 21-08-1997 

W0 9804321 Al 05-02-1998 

W0 9829032 Al 09-07-1998 

W0 9829033 Al 09-07-1998 

JP 2000508223 T 04-07-2000 

JP 2000508224 T 04-07-2000 

US 6063022 A 16-05-2000 

US 6272371 Bl 07-08-2001. 



ui For more details about this annex : see Official Journal of the European Patent Office, No,. 12/82 



20 



